INTRODUCTION
-From a study of first-transition senes trace elements and low-partition-coefficient trace elements or so-called hygromagmatophyle elements (Treuil and Varet, 1973; Treuil and Joron, 1976) . we will try to define the relative importance of the three fundamental parametersmantle source composition, extent of partial melting, and crystal fractionation-which bear on the formation of basalts recovered during Leg 45. We relate the presented data to the results of shipboard study (Chapters 7 and 8, this volume) and then give a tentative interpretation, taking into account Our present knowledge of the behavior of trace elements during magmatic processes of FAMOUS and Leg 37 results. -LEC 45 SAMPLES; DESCRIPTION O F RESULTS Both major element and trace element data are presented in this section. The major oxides SiO,, A1203, Fe203 total, MgO, C a o , K20, TiO,, and the trace elements Sr, Zr, Ni, and Cr were analyzed on-board ship, in collaboration with J. M. Rhodes (see Introduction and Site Chapters, this volume). Analyses for MnO, P205, and NazO were completed on shore. F e 0 determinations were made by J. Norberg (Smithsonian Institution) according to the method outlined by L. C. Peck ( 1964) .
Al1 major element data presented were determined by X-ray fluorescence, except Na20, which was determined by atomic absorption. Trace element data were obtained by X-ray fluorescence (XRF), neutron activation (NA), or atornic absorption (AA). Co, Ni, and Zr were analyzed by both X-ray fluorescence and neutron activation; both results are given.
Trace element XRF determinations were corrected for matrix and instrumental effects by the procedures of ; in addition, V and Cr measurernents were corrected for the effects of enhancement and overlapping lines (Ti KP and V KP, respectively.
The shipboard values for Cr are only approximate, because it was not possible on board to calculate the full matrix correction including the effect of iron enhancement and V K,g interference.
The neutron activation method used was pure instrumental activation analysis (without chemical separation), using epithermal neutron irradiation (OSIRIS Reactor in Saclay-C .E. A. Groupe Pierre Suë). Because of the low order of magnitude of the concentrations of investigated elements in tholeiites (Tb, Hf.
Ta. . .), the use of epithermal neutrons is very important; this kind of irradiation allows the interaction of 4eSc and 55Fe to be strongly diminished. Irradiation was performed under Cd vials; then several measurements were made using a Ge-Li detector (resolution 2 KeV at 1.33 MeV) at different times from four days to one month after irradiation. The reference standards used are GSN and BCR1. Tables 1 and 2 for Hole 395, Tables 3 and 4 for  Hole 395A, and Tables 5 and 6 for Hole 396 show the concentrations of elements (major elements expressed in per cent and trace elements in ppm) for the samples investigated on-board ship.
Several different chemical units were defined on board (see Chapters 7 and 8, this volume), as shown by Figure 1 , where concentrations of selected major and trace elements are plotted against depth. Units A, through Ag are aphyric units, and Pz through P5 are porphyritic units. Some units were hard to define, because only one sample representing them was ana1yzed;or a given sample chemically seemed outside the range of analyses characterizing the unit. This is the case for Sample 395A-11-1. 105-107 cm; even though major elements resolve little difference between this sample and Unit A,*, additional trace element data appear to suggest a real difference between them. In Hole 395A. phync units are named P2 to P5, as a function of depth; In Hole 395, Samples 18-1, 37-41 cm and 18-2, 33-38 cm (Unit Pl*) are chemically similar to Unit P3 of Hole 395A.
Sample 395-20-1, 32-36 cm, within Unit Pz*. nevertheless does not belong to that unit; it stands alone. Sample 395A-15-5, 0-1 1 cm, situated at the boundary of Units Pz and PJ, remains difficult to classify; it is chernically similar to Unit P,. The average composition given in Table 7 for Unit P5 does not take into account breccia samples (which differ mainly in Cr and Ni). The deepest aphyric sample, 395A-67-2. 54-59 cm, is classified as belonging to Unit A4; in fact, it is very similar to samples of Unit A3 In Hole 396, three units have been recognized, named Pa, Pb, and P,, as a function of depth and are listed in Tables 5 and 6 . Al1 the trace element results obtained confirm the classification and the definitions of chemical units made on-board ship. Since we bring no change or very little change to the definition of chemical units, we ask the reader to examine Chapters 7 and 8 in this volume for detailed information about particular units.
The alkali metals, Cs and Rb, together with Sr, show variations even within a given unit. Average values of other elements, which are more homogeneous within a given unit, are reponed for each unit, together with associated a (standard deviation) values, in Tables 7, 8, 9. and 10 for Sites 395 and 396, respectively. Examination of Tables 7 and 10 shows that concentrations of ail elements investigated are typical of midocean ridge tholeiites. Nevenheless, Th and Ta values are rather low, and some Sr values are high, especially in phyric units Pz* of Hole 395, Pz and P5 of Hole 395A. This problem of high Sr is still being investigated to determine if what we are seeing is enriched Sr because of plagioclase phenocrysts or is a result of alteration effects (since many vesicles flled with secondary minerals are present in these samples). Generally, trace element concentrations, except for Ni and Cr, are lower within phyric units than in aphyric units; this can be explained in part by the dilution effect of phenocrysts (mainly plagioclase), since many of these elements have low partition coefficients and low abundances in phenocryst phases, especially plagioclase.
Sc and Co Vary within a narrow range, 30 to 38 ppm and 38 to 48 ppm, respectively, and show only a slight difference between aphyric and phyric units, as mentioned above. Taking into account the dilution effect of phenocrysts, one wodd obtain roughly similar concentrations for the matrix of phyric units as for aphyric units. Finding so little variation for those elements means that their behavior depends little on crystallization and melting processes; in addition, this means that the initial matenal (before melting) was homogeneous with respect to them. If the source had been heterogeneous, then melting and crystallization would have had to occur in such a way as to compensate for the possible variations in the initial material, and this would be purely matter of chance.
Average values of Ni and Cr for Holes 395 and 395A are reported in (Hart, 1971) . The problem of whether strontium is enriched in plagioclase or in the matrix, or is high because of alteration, is being investigated, as already mentioned.
As Figure 1 shows, the abundance of K20 is somewhat random even within a given unit. Sirnilar observations can be made for Cs and Rb. Cs is plotted versus K20 in Figure 2 , and versus Rb in Figure 3 . Considering al1 points on Figure 2 , no correlation between Cs and K20 is evident. But within each unit, a positive correlation exists between Cs and K20, even taking into account the analytical precision (about 0.02 ppm for Cs and 0.2% for K20). Cs increases linearly with K20 from low concentrations which could be considered as initial values before secondary alteration processes. In Figure 2 a general positive correlation between Rb and Cs can be observed, but there is no possibility of distinguishing between units, because of the analytical precision in determining Rb (%1 pprn).
The general correlation Cs = f (Rb) and the intraunit correlation of Cs = f (K20) contrast with the homogeneity of other trace elements within units, allowing us to state that these variations result from secondaryprocesses (probably alteration).
GEOCHEMICAL METHOD OF INVESTIGATION Properties of Trace Elements
It is assumed that trace element behavior follows the high-dilution law; as a consequence, a partition coef-
TRACE ELEMENTS IN BASALTS
ficient between different phases can be defined directly constant, the plot of log CL2 as a function of log CL1 is in connection with the chemical potential of a given ela straight line, the slope of which is ement in the different phases concerned. As a convention, the partition coefficient D of an element is defined
D2-1
as the ratio of its concentration in a minera1 to its con--Dl-1 centration in the liquid.
Among the inveStigated elements, one can find highpartition-coefficient (HPC) elements such as Cr and Ni (~> 1 ) and low-partition-coefficient (LPC) elements such as Th and Ta (~< < 1 ) . The bulk partition coefficients of some elements are variable, depending on the proportion of phases in equilibrium, and in this respect, their concentrations depend on the nature of magmatic processes, such as partial melting or fractional crystallization. This is the case, for instance, for V, Co, and Sr. The diverse partition coefficients are interpreted to reflect high stabilization energy in octahedral coordination for such elements as Cr and Ni (Burns, 1970; Curtis, 1964; Orgel, 1964; Allegre et al., 1968; Bougault and He%inian, 1974 , and the ability of other elements-Ta and Th. for instance-to form stable com-3) If element 2 is a HPC element and element 1 a LPC element, the slope of the line log Cu = f (log C,,is approximated to (D,-1); this can be considered as a way of determining the bulk partition coefficient D,of element 2.
In fact, these assumptions are valid insofar as we start from given values of Cm and Cml, which means starting from a given liquid with magmatic differentiation resulting only from crystallization processes. Cm and CLOl depend on partial melting; it is necessary to determine to what extent they can vary (if at all) when partial melting occurs, using the elements investigated.
When partial melting occurs, let us assume that Cm is given by the formula of Shaw ( 1970): plexes in the liquid phase (Treuil and Varet, 1973; Treuil and Joron, 1975) .
Behavior of Trace Elements During Crystallization and Melting Processes
As crystallization proceeds in a given magma, we assume that that Rayleigh law is valid: and 2, it is easy to see that Considering two elements (subscripts 1 and 2), the relationship between elements 1 and 2 is:
In this case, the slope A mentioned in Equation 2 is not (Eq' dependent on F. and gives direct information about the initial solid (before melting) (Treuil and Joron, 1976), 1) If elements 2 and 1 have low partition coefficients, Equation 1 is simplified to:
The slope A depends on the initial concentrations in the liquid Cm, and CLoe (Treuil and Varet, 1973; Treuil and Joron, 1975) .
2) If elements 2 and 1 have high partition coefficients and if the proportion of phases crystallizing is
If elements 1 and 2 are LPC elements but have partition coefficients with different orders of magnitudes, A depends on F; liquids with different values of Cto,/ CLm can be produced by different partial melting. Basalts experiencing further crystal fractionation derived from these different liquids plot on lines with different slopes A (Treuil and Varet, 1973; Treuil and Joron, 1975) . Considering HPC elements, it can be shown that for Ni the ratio CLdCso is almost independent of the extent of partial melting (F) and of the composition of the presumed initial material. For Cr, the ratio C L d Cs, is somewhat dependent on F, increasing when partial melting increases, and is dependent on the composition of the presumed initial material (spinel content, for instance). (Figure 4 ). It has been already shown that in mid-ocean ridge basalts, Ti behaves as an LPC trace element . This is confirmed by the correlation shown on Figure 4 . Leg 37 samples from Hole 332B plot on the same line as Leg 45 samples. The only difference between Leg 37 and Leg 45 samples is a shift along the line, both for phyric samples on one hand and aphyric samples on the other. This can be attributed either to a difference of range of the extent of partial melting or to a different initial mantle material. In the remainder of this section, we shall examine to what extent a difference can be determined for the extent of partial melting and/or the composition of initial mantle matenal between 23ON (Leg 45) and 36"N (FAMOUS area).
The hygromagmatophile elements with low partition coefficients-Ta, Hf, Tb, Zr, and Ti-have been plotted on Figures 5 through 9 as a function of Th. Th is thought to have the lowest partition coefficient among these elements. On the same figures, the field where the FAMOUS samples plot is shown and the dispersion indicated. Both Leg 45 and FAMOUS samples plot on straight lines passing through the origin, with dispersions more or less significant. For Leg 45 samples straight lines can be drawn because in fact each point represents an average value of many samples analyzed in the same unit.
The first striking feature is the different slopes between Leg 45 samples on the one hand and FA-MOUS samples on the other. Leg 37 data are not included in the FAMOUS range, because they were determined by other laboratories and there may be a problem of reproducibility of trace elements among them. Even so, Leg 37 data for Th and Ta from other laboratones fa11 in the field of FAMOUS samples and not at al1 in the field of Leg 45 samples.
From the theoretical discussion presented earlier, this has to be attributed to a difference between FA-MOUS area and Leg 45 initial mantle materials. Samples from Hole 396, which is roughly symmetric to Site 395 on the other (eastem) side of the Mid-Atlantic Ridge, plot very near the line defined for Site 395.
Of al1 the fields of FAMOUS samples presented on Figures 5 to 9, Ta versus Th ( Figure 5 ) has the lowest dispersion. This is because Ta and Th have the lowest partition coefficients among the studied elements and, from Our earlier discussion, the slope of the line relating these elements is not dependent on partial melting. The other elements plotted versus Th are LPC elements, but their partition coefficients are higher than those of Th and Ta. The slopes corresponding to given senes of crystallization differentiation depend on the initial concentration in the liquid, that is to say on the extent of partial melting. This is why the dispersion for these elements is higher around "average lines." Table 11A presents the values of slopes of a given LPC element i, plotted against other LPC elements j, there is a diference between the initial mantle compositions of these areas; whatever the partial melting or crystallization processes involved, it would not be possible after partial melting and crystallization to have some LPC elements lower and others higher if the mantle had the same initial composition in both cases. For Leg 45 samples, it is not possible to determine diîTerences in the extent of partial melting on the basis of LPC elements, because of the steep slopes of the lines and the analytical precision that would be required. Nevertheless, this can partly be shown through Cr and Ni data.
Log Cr versus log Ni is plotted on Figure 10 . Leg 37 and FAMOUS samples define two common fields: one for aphyric samples, the other for plagioclase-phyric samples. Since the Ni concentration in the liquid is almost independent of partial melting and the CR concentration is somewhat dependent, these trends are mainly representative of crystallization history. The FAMOUS aphyric field is narrow, but cannot be resolved to a straight line because of variations in the proportions of crystallizing minerals. The FA-MOUS plagioclase-phyric field is above and larger than the aphyric field, probably because of the variable content of clinopyroxene phenocrysts (the partition coefficient of Cr in clinopyroxenes is higher than 10). But the clinopyroxene content of FAMOUS plagioclasephyric basalts is not at al1 sufficient to account for their high Cr concentrations relative to FAMOUS aphyric basalts for a given value of Ni. This is because the Cr concentration in the liquid increases with partial melting, as discussed theoretically earlier. In this respect, plagioclase-phyric basalts appear to derive from liquids produced by a higher degree of partial melting than aphyric basalts. This is in agreement with LPC element abundances, which are generally higher for plagioclasephyric basalts than for aphyric basalts.
On Figure 10 , both the fields of plagioclase-phyric basalts of Site 395 and 396 and of aphyric basalts, except A, and A4 Sample 67-2, 54-59 cm, are shifted compared with FAMOUS and Leg 37 data. The different relative positions of the various Leg 45 aphyric basalts and the plagioclase phyric basalts is a consequence of different degrees of partial melting and of different proportions of crystallizing minerals. A plot of Ni or Cr versus an LPC element would result in a similar conclusion about partial melting; at least two and probably three different degrees of partial melting are represented.
It is somewhat difficult to draw conclusions about crystallization processes with Leg 45 samples, because of the low number of different rock types we have, compared with FAMOUS-Leg 37 data, and because of the dinerent degrees of partial melting. Nevertheless, it can be stated that none of the units mentioned can be considered to represent primary liquids (Ni values should be around 250 ppm). If, however, we can consider that Leg 45 plagioclase-phyric samples are derived from the same, or similar, initial liquids, both HPC and LPC elements allow us to infer that the extent of crystal fractionation increases in the order P3, P,, P,, and Pz. 2. Alkali metals show significant variations in al1 the samples studied. Notably, Cs = f (Rb), and, within a given unit Cs = f (KzO). This is the result of secondary processes (alteration).
3. From high-partition-coefficient and low-partitioncoefficient elements, it can be concluded that none of the basaltic samples recovered can be considered as primary liquids and al1 have undergone a substantial history of crystallization.
4. Except for Units P , P,, and P5, which can have been derived from a single parental magma, the different units derive from different magmas obtained by diferent degrees of partial melting. 
